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PERMEABILITY OF NORMAL SKIN
Percutaneous absorption has been studied by several methods, including
chiefly those based on chemical, pharmacological and histological-histochemical
technics. While each of these has proven valuable, none is entirely satisfactory.
A. Methods based on the chemical detection of the penetrant in the blood,
urine, tissue or expired air are among the oldest approaches. One of the limita-
tions of these chemical methods lies in the interpretation of the results based on
quantitative changes of substances normally occurring within the body, such as
sodium chloride and glucose. The use of radioisotopes has removed to some
extent this objection.
B. Local and systemic pharmacological and toxicological effects and symptoms
have also long been relied upon to demonstrate passage of active penetrants
through the skin.
Histochemical methods have yielded considerable information concerning the
penetration of fats and oils which generally are employed as vehicles for traceable
fat soluble dyes. Use of the latter assumes that the dye and the vehicle move
together. Recently MacKee, Sulzberger, Herrmann and Baer (3) developed a
histochemical method for demonstrating sulfonamides and other substances in
skin. Evidence of penetration was adduced by biopsy of the skin and the use of
specific histochemical reactions involving the particular chemical.
A less frequently employed method—"analysis by difference"—consists essen-
tially of the application to the skin of a carefully measured amount of substance,
and after a suitable time interval, quantitative determination of the remainder.
Many factors govern permeability of the skin. These have been considered
recently in the extensive reviews of Calvery, Draize and Laug (1) and Rothman
(2). Among these many factors, the presence of lipoid material within the
appendages and on the surface of the skin determines to a great extent what shall
pass. Since the skin contains mixtures of waxes, cholesterol esters, water, etc.
complete insolubility of a substance, either in water or in lipoid, precludes
absorption.
The properties of the vehicle are important. Apart from its ability to bring
the active substance into more intimate contact with the skin, the vehicle (unless
it is absorbable itself) should permit ready release of the substance and not hold
it. Because chemical reactions may occur between the vehicle and the pene-
trant, the former should be relatively inert. Vehicles of the organic solvent type
enhance penetration considerably, probably by a lipoid-dissolving action. Pene-
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tration is also aided by: (1) inunction, which forces the material into the hair
follicles and the ducts of the sebaceous glands; (2) hypermia induced by heat,
friction or irritation; (3) occlusive dressings; and (4) the preliminary removal of
sebum by scrubbing with soap and water or alcohol.
The experimental evidence concerning the penetration of water through the
skin is poor. According to Rothman the water imbibition of the keratin is en-
hanced by the acid nature (pH 5.5) of the stratum corneum. This property of
water uptake is lost in the layers below the stratum corneum (the granular and
spinous layers) where the pH may be as high as 7.4. Rothman maintains that
the spinous and granular layers comprise the main skin barrier to water.
The investigators at the New York Skin and Cancer Unit (3) have reported
excellent work on percutaneous absorption with special reference to the effect of
vehicles. Their findings indicate that the most likely routes of maximum pene-
tration of inuncted materials are through the follicles and sebaceous glands.
Wetting agents, by causing an emulsification of the sebum, make contact with the
glandular and follicular cells and thus increase absorption. The property of
wetting is due apparently to a double molecule—one part oleophilic, the other
part hydrophilic—enabling water and oil to mix (Duemling, 4).
RADIOAIJTOGRAPHS AND WORK WITH RADIOACTIVE ISOTOPES
When histological sections of tissues containing radioactive elements are juxta-
posed to a photographic film, images appear on the negative. Comparison of
these images, so called "autographs," with the histological slides themselves, in-
dicate the localization of the radioelement. Lacassagne and Lates, in 1924,
demonstrated by this method the deposition of administered polonium in the
renal tissues of rabbits. Such methods are now employed extensively, particu-
larly to locate radioiodine in the thyroid gland (5) and radiopotassium in the
brain (7).
Employing radioactive sodium (Na24 with half life of 14.8 hrs.), Johnston and
Lee (6) studied the absorption from fatty bases through unbroken skin. Proof
of absorption of sodium from the hands of human subjects was established by
appearance of radioactive sodium in the urine.
ABSORPTION AND DISTRIBUTION OF IODINE
Nyiri and Jannitti (8) have compiled a comprehensive review of the contro-
versial subject of iodine absorption from the skin. They found that approxi-
mately 88% of the iodine applied to animal skin volatilizes within three days.
The rest, approximately 12%, is at the disposal of the body and penetrates slowly
through the skin. The prolonged retention of iodine within the skin in the form
of a depot, presents a favorable condition for a possible local therapeutic effect.
According to Salter (9), the iodine content of the whole human adult is very
small, approximately 20 to 50 mgm. The human thyroid normally holds at
least 1/5 of the total, even though its mass is only 1/500 of the whole body.
Davenport (10), studying the secretion of iodine by the gastric mucosa, has found
that iodine replaces chloride in the plasma, and presumes that it replaces chloride
in gastric juice.
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EXPERIMENTAL STUDIES IN PERCUTANEOUS ABSORPTION OF RADIOACTIVE IODINE
Materials
The present studies were made on guinea pigs and rabbits with I's' (aqueous
sodium iodide), having a half life of 8 days. In addition, the rate of removal of
iodine from the skin was tested on humans.
Procedure
In the conduct of permeability studies such as these, care must be taken to
make certain that the only avenue of entrance into the organism is the skin.
Absorption by way of other routes (the gastrointestinal tract or the respiratory
system) must be prevented. Contamination is not easy to circumvent in animals
permitted to remain in cages for some hours after application of the agent, and
special precautions were taken to avoid such an occurrence.
As pointed out by previous investigators (3), other sources of error in the
radioautograph studies which had to be kept in mind were: 1) displacement of
the tracer substance by solutions used in fixation, staining, etc.; 2) displacement
of active material in taking biopsy specimens and in cutting sections; 3) displace-
ment of tracer by the injection of local anesthesia. We attempted, whenever
possible, to obviate these sources of error.
Sites of application of the radioactive material were prepared by clipping the
hair as short as possible, scissors being used in most cases although the razor was
resorted to occasionally. The skin was then well cleansed in order to facilitate
absorption by use of a wetting agent', followed by soap and water. All applica-
tions of radioactive material were made to grossly normal skin; there was no evi-
dence of either trauma or inflammation. Inunctions were performed for approxi-
mately three minutes by means of a cotton applicator.
In animal experiments the inunctum, consisting of one gram of selected vehicle
containing 50—100 microcuries of Ji31, was distributed over an area of approxi-
mately 30 square cm. Sites of application were covered by means of scotch tape.
Tracer material was permitted to remain on the skin for periods varying from 12
to 60 hours, following which the surface of the skin was carefully cleansed of all
removable radioactive material. Nembutal anesthesia was used in all animal
experiments in which biopsies were made. In the latter, care was taken in excis-
ing the skin in order to keep the scalpel well outside the borders of the inuncted
site and blood was not allowed to flow over the surface of the biopsy specimen
during the excision.
In order to prevent further displacement of tracer substance by solutions used
for fixation, etc., a solution of equal parts of 100% ethyl and 100% methyl alco-
hol was used for fixation purposes. This solution was then saturated with silver
nitrate with the hope of precipitating the iodine in the tissue. By means of the
Geiger counter it was possible to detect any iodide which diffused from the tissue
into the various solutions used in the fixation process. In several samples of
rabbit skin, some activity was observed in the fixing solutions. In these in-
stances, the skin surfaces may not have been sufficiently cleansed of unabsorbed
1 Wetting agent No. 73860-B, manufactured by the Central Scientific Co., Chicago, Ill.,
was used in a dilution of 1:20 for several experiments.
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material. Loss of radioiodine was not observed for internal organs similarly
treated.
To avoid inward displacement of the radioactive material during sectioning,
all cutting was done from the dermis toward the epidermis. Thus the methods
involved in inunction, excision, tissue fixation and histological preparation were
such as to reduce the possibility of artificial displacement of tracer substance.
Following fixation with alcohol-silver nitrate for 2 to 4 hours, the tissues were
placed in benzene, embedded in paraffin and sectioned in the routine manner in a
cold room. Sections were cut 25—35 micra thick as it appeared probable that
thinner sections, while giving greater histological detail, would not be sufficiently
active to make good radioautographs. Pairs of adjacent sections were employed
for study, one section for exposure of the x-ray plate and the other for staining.
The unstained histological section, mounted on an ordinary microscope slide
was placed in contact with a small piece of x-ray film2. After exposure periods
ranging from one hour to several days, depending on the amount of radioactivity
anticipated, the film was developed and fixed by routine photographic methods.
The histological section was stained with hematoxylin and eosin and compared
under the microscope with the radioautograph. Further comparison was made
by enlargements of microphotographs of both stained slides and radioautographs.
RESULTS
1. Comparison of Radioautographs and Stained Sections (See figures 1—3.).
2. Studies with Radioiodine applied to Human Skin
The retention of iodine at the site of cutaneous application was demonstrated
on the hands and forearms of human subjects. The surface of a small area (1
sq. cm.) of cleansed skin of the dorsum of the hand and of the flexor surface of the
forearm on each side was delimited with scotch tape and painted with an aque-
ous solution of sodium iodide containing 0.2 to 0.8 millicuries of radioiodine.
Thirty to 60 minutes later the treated area was cleansed thoroughly with soap and
water and followed with 70% alcohol in an attempt to remove all surface or
superficial iodide. In several instances scotch tape was placed over one of the
two sites treated in order to determine the influence of covering on iodine loss.
Radioactivity of the skin, as detected by the Geiger-Muller counter2, was then
determined, as it was subsequently, at periodic intervals.
2 Ansco No Screen x-ray film, cut in strips slightly larger than the usual 1" x 3" micro-
scopic glass slide, was used. The strip of film was placed between a blank microscopic slide
and the slide containing the section of tissue, care being taken to make certain that the
tissue was in direct contact with the film. This film-slide unit was then wrapped indi-
vidually in tin foil paper and the slides were clamped together by means of the ordinary
spring type clothes pin in order to insure intimate contact between film emulsion and tissue
section. To avoid sticking of the paraffin or tissue to the emulsion, especially after long
exposure, the procedure was carried out in a cool, dry, dark room. Standard procedures
for developing the exposed films were followed.
All counts were made with the tissue or part 1.0cm from the Geiger tube; "cpm" refers
to counts per minute above background activity.
AB
FIG. 1. Guinea pig thyroid. Radioactive material was applied to the back of the animal
f or 12 hours. This demonstrates that the iodine is absorbed and concentrated in the
thyroid.
A. Hematoxylin and Eosin Preparation B. Radioautograph
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FIG. 2. Skin of guinea pig. Low power (43X). Accumulation of the iodine around the
hair follicles is evident.
A. Hematoxylin and Eosin Preparation B. Radioautograph
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Fm. 3. A ilece of human skin, taken after death and treated with tracer contdnlng
ointment. Through an error, the radioautojrapb was inverted, and consequently presents
the "mirror image" of the histological section.
A. USatoxylin and Basin Preparation B. Eadloautograph
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SUBJECT 1
HOURS RIGHT HAND LEFT HAND URINE
0
1
4
18
29
65
cpm
19800
18000
7648
2176
968
64
cpm
16936
15840
6672
1000
416
0
neg.
neg.
SUBJECT 2
HOURS RIGHT HAND LEFT HAND
0
6
28
6pm
5488
4016
1296
6pm
4416
2096
576
Much washing between this and the next count
32
48
1072
752
512
456
These data give some indication of the rate of disappearance of the iodine from
the depot in the skin. They suggest that iodine is not present superficially on the
surface, but rather embedded in the skin, below the surface in the stratum car-
neum, or perhaps in the hair follicles.
SUBJECT '3
HOURS RIGHT HAND, UNCOVERED LEPT HAND WITH SCOTCH TAPE COVERING
CfGfl 6pm
0 2144 1456
6 896 1096
Two other subjects were similarly treated with essentially identical results.
The results show a greater loss from the uncovered hand, thereby suggesting
that the scotch tape, in preventing evaporation, is responsible for the smaller
loss of radioiodine from the surface of the skin.
The data suggest the existence of an iodine "depot" within the skin, and the
disappearance of iodine after a period of time—whether by absorption into the
body, or evaporation into the air. Examination of the thyroid area (with a
probing Geiger tube) and the urine of one subject failed to indicate radioactivity
4 to 18 hours after application. Nevertheless it seemed probable that part of the
iodine disappeared from the depot by absorption.
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3. Detection of Percutaneously Absorbed Iodine in Maternal and Fetal Tissues4
Percutaneous passage of iodine was conclusively demonstrated when I' in a
water miscible ointment5 was applied to the cleansed, unabraised skin of pregnant
animals, and subsequently recovered in the maternal and fetal tissues. Ten to
twenty microcuries of the isotope were thoroughly mixed with one gram of base
and rubbed on previously prepared skin of guinea pigs and rabbits near term.
The area treated was thoroughly covered with scotch tape to prevent loss by
TABLE 1
Radioactivity of Maternal and Fetal Tissues after Percutaneous Absorption of lilt
GUINEA PIGS RABBITS
TISSUE
Mother Mother Fetus Fetus
Thyroid 3,620 9,580 6,750 675 960 880
Oesophagus 64 60 76 68 36 44
Stomach Contents 8,400 21,800 33,800 18,720 27,120 24,560
Gastric Mucosa, Washed 2,880 1,440 2,240 2,620 3,160 1,600
Contents Upper Intestine 420 160 116 560 120 160
Contents Middle Intestine. ... 328 132 120 310 80 180
Contents Lower Intestine. ... 240 60 80 280 60 130
Liver 64 72 66 120 65 90
Bile 80 56 48 140 82 124
Kidney 40 40 52 65 36 68
Urine 850 160 120 920 740 760
Heart 60 72 48 42 36 42
Lung 68 88 92 76 124 88
Uterine Wall 64 56
Placenta 86 124
Amniotic Fluid 208 121) 120 72
Salivary Gland 56 52 62 48 64 76
Tongue 84 72 92 50 76 72
Brain 36 40 48 36 52 80
Skeletal Muscle 88 192 84 92 76 68
Blood 380 240 180 320 140 516
-
— Guinea Pig fetuses weighed about 45 grams.
—
— Rabbit fetuses weighed about 40 grams.
* Counts per gram of tissue or cc. of fluid per minute, correcting for decay.
volatilization and contamination of the cage. Eighteen to twenty-four hours
later, the animals were sacrificed and the fetuses were carefully removed from the
uterus, care being taken to avoid contact with the mother's skin, blood and urine.
"Fetal Gastric Secretion of Radioiodine Applied Percutaneously to Pregnant Animals"
presented at 32nd Annual Meeting of Federation of American Societies for Experimental
Biology, Atlantic City, New Jersey, March 16, 1948.
Velvachol—Sabine Pharmacal Company, San Antonio, Texas; contains glyceryl mono-
sterate, glycerine and distilled water.
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Samples of the amniotic fluid, blood, urine and of many maternal and fetal organs
were taken for examination with the Geiger counter. Radioactivity of the vari-
ous tissues was determined in fresh material sliced by razor into thin pieces
having a surface area of approximately one square centimeter and weighing about
200 milligrams. In case of certain glands, such as the fetal thyroids, smaller
amounts of tissue had to be used. Radio-assay of the various body fluids was
carried out on 0.2 cc. samples. See Table 1.
DISCUSSION
The results clearly indicate that iodine, in the fOrm of sodium iodide, is ab-
sorbed from the skin. Experiments on pregnant animals show that surprisingly
large amounts of the iodine are taken up by the maternal and fetal thyroids and
that most of the iodine of the fetus is concentrated in the gastric juice.
The mechanism of concentration of the iodine in the fetal gastric contents is
not clear. There are several possible avenues of entrance into the stomach. It
is possible that the iodine, present in amniotic fluid, is swallowed, then concen-
trated, or that the iodine is secreted by the salivary glands and similarly concen-
trated. Neither seems probable, however, in view of the low concentration of
iodine in amniotic fluid and in the salivary glands and oesophagus. It would
seem more probable that the iodides, like the chlorides and salts of other halo-
gens, are actively secreted by the gastric glands in accordance with the view of
Davenport (10). The relatively high activity of washed gastric mucosa would
also point to this mechanism of secretion and concentration. Additional experi-
ments to elucidate this point are in progress.
SUMMARY
1. Methods demonstrating absorption of iodine from the skin with the use of
radioiodine are presented.
2. Studies on human subjects indicate that iodine applied to the skin remains
in the skin for several days, gradually disappearing either by absorption or by
evaporation and other surface loss.
3. Application of radioiodine to the skin of a pregnant animal results in marked
concentration of the iodine not only in the thyroid gland but also in the gastric
fluid of the fetus; approximately 70% of all the iodine present in the fetus is re-
coverable from the stomach.
4. The distribution of radioactive iodine in various organs of the rabbit and
guinea pig following percutaneous absorption is demonstrated.
The authors gratefully acknowledge the cooperation of the Department of
Anatomy of the University of Texas Medical School, and wish especially to
thank Dr. John Sinclair, Professor of Histology and Embryology, and Dr. Don-
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